Developing in vivo functional and structural neuroimaging assays in Dyt1 ΔGAG heterozygous knock-in (Dyt1 KI) mice provide insight into the pathophysiology underlying DYT1 dystonia. In the current study, we examined in vivo functional connectivity of large-scale cortical and subcortical networks in Dyt1 KI mice and wild-type (WT) controls using resting-state functional magnetic resonance imaging (MRI) and an independent component analysis. In addition, using diffusion MRI we examined how structural integrity across the basal ganglia and cerebellum directly relates to impairments in functional connectivity. Compared to WT mice, Dyt1 KI mice revealed increased functional connectivity across the striatum, thalamus, and somatosensory cortex; and reduced functional connectivity in the motor and cerebellar cortices. Further, Dyt1 KI mice demonstrated elevated freewater (FW) in the striatum and cerebellum compared to WT mice, and increased FW was correlated with impairments in functional connectivity across basal ganglia, cerebellum, and sensorimotor cortex. The current study provides the first in vivo MRI-based evidence in support of the hypothesis that the deletion of a 3-base pair (ΔGAG) sequence in the Dyt1 gene encoding torsinA has network level effects on in vivo functional connectivity and microstructural integrity across the sensorimotor cortex, basal ganglia, and cerebellum.
Introduction
Early-onset generalized torsion dystonia (DYT1) is an autosomal dominant movement disorder with reduced penetrance that typically presents during early childhood through adolescence (Fahn, 1988; Ozeluis and Lubarr, 1993) . Motor impairments are characterized by involuntary and sustained hyperactive muscle contractions resulting in uncontrolled upper and lower extremity movements and disabling posture (Albanese et al., 2013; Breakefield et al., 2008) . In humans, DYT1 represents the most common genetic hallmark of the primary dystonias, and is caused by a trinucleotide (ΔGAG) deletion in one allele of the DYT1 (TOR1A) gene, and corresponding removal of a single glutamic acid residue (ΔE) in the carboxyl terminal region of the torsinA (TA) protein (Breakefield et al., 2008; Ozelius et al., 1997) . TA is a member of AAA+ family of ATPases and is associated with a plethora of cellular chaperone functions including the provision of protein folding, neuroprotective refuge of oxidative stress, and prevention of protein aggregate formation (Goodchild and Dauer, 2005; Goodchild et al., 2015; Hewett et al., 2007) .
Magnetic resonance imaging (MRI) in Tor1a (Dyt1) ΔGAG heterozygous knock-in (KI) mice (Dang et al., 2005; Goodchild et al., 2005) provides a translational basis for understanding the pathophysiology underlying DYT1 dystonia. In particular, the Dyt1 KI mouse model represents a genetically derived experimental corollary akin to most human DYT1 dystonia patients (Ozelius et al., 1997) . As well, although not possessive of an unconcealed spasmodic or contracture-like behavioral phenotype (Breakefield et al., 2008) , Dyt1 KI mice exhibit sustained electromyographic (EMG) potential and intermittent co-contractions of opposing muscle groups (DeAndrade et al., 2016) , which is a core feature of human patients with dystonia (Berardelli et al., 1998; van der Kamp et al., 1989) . Previous work using 18 fludeoxyglucose positron emission tomography (PET) in vivo has demonstrated increased regional metabolic activity in the cerebellar vermis of Dyt1 KI mice (Uluğ et al., 2011) and Tor1a heterozygous knock-out (Dyt1 KO) mice (Vo et al., 2015a) . Similar regional cerebellar metabolic abnormalities have been evidenced in a Dyt1 transgenic mouse model over-
